Marital status has been identified as a prognostic factor in multiple malignancies. In this study, we assessed the prognostic value of marital status in 24,035 patients from the Surveillance, Epidemiology, and End Results database diagnosed with biliary tract cancer (BTC) between 2004 and 2014. Widowed patients were more likely to be women, elderly (> 60 years), have gallbladder cancer, and have localized SEER Stage disease than all other patients. Marital status was identified as an independent prognostic factor in both univariate and multivariate analyses, and cause-specific survival (CSS) rates were higher in married patients than unmarried patients. In addition, CSS rates were higher in ampulla of Vater cancer patients than in gallbladder cancer or cholangiocarcinoma patients. Further analysis revealed that CSS rates were lowest in widowed patients at each TNM stage and for all tumor sites. These results suggest marital status is a prognostic factor for clinical outcomes in patients with BTC, and widowed patients are at greater risk of cancer-specific mortality.
INTRODUCTION
Biliary tract cancer (BTC) is a category of tumors that includes gallbladder cancer (GBC), cholangiocarcinoma, and ampullary cancer [1, 2] . Although BTC is rare, its incidence is increasing worldwide [3, 4] . In Japan, BTC is the sixth leading cause of cancer-related death, and more than 18,000 patients die from the disease annually [5] . Radical resection remains the only curative treatment for BTC, and recurrence rates after resection are high [6, 7] . Moreover, because BTC is usually diagnosed at an advanced stage, most patients are not considered candidates for curative resection. Despite recent improvements in surgical techniques and adjuvant therapy, the overall prognosis of BTC remains poor [8, 9] . It is therefore vital to identify factors that predict prognosis in BTC patients to help clinicians implement better therapeutic strategies.
Studies have identified a positive correlation between marital status and survival in BTC patients, and married people are healthier overall and live longer than unmarried people (divorced, separated, never married) [10] [11] [12] . In a large study of multiple cancer treatment sites, married patients were more likely to present with early stage disease upon diagnosis and to receive definitive treatment compared to unmarried patients [13] . Being married is also positively associated with overall and cancer-related survival for various types of cancer, such as hepatocellular carcinoma [14] , breast cancer [15] , gastric adenocarcinoma [16] , and pancreatic cancer [17] . According to a larger-scale population-based study of information from the Surveillance, Epidemiology, and End Results (SEER) database, unmarried patients are at significantly higher risk of presentation with metastatic cancer, undertreatment, and cancer-related death [13] . However, little is known about the association between marital status and BTC. In this study, we investigated the association between marital status and cause-specific survival (CSS) This study was based on public data from the SEER database; we obtained permission to access research data files (reference number 10091-Nov 2016). The data did not include the use of human subjects or personal identifying information; thus, informed consent was not required.
Study variables
Several variables, including demographics (sex, age, race), TNM stage, extent of disease (localized, regional, distant), tumor site (gallbladder cancer and cholangiocarcinoma, ampulla of Vater cancer), tumor grade (well-differentiated, moderately differentiated, poorly differentiated, undifferentiated, unknown), histologic type, treatment, and marital status at the time of diagnosis were examined. Marital status, the major variable of interest, was classified in a binary manner (married vs unmarried). The unmarried category included widowed and separated/divorced patients as well as those who never married. The AJCC 6th TNM staging system was used; because this staging system became publicly available in 2004, we restricted our study to patients diagnosed from 2004-2014. According to the SEER staging system, tumors that remain in situ, or confined to the organ of origin, were considered localized. Those with local invasion or metastasis to regional lymph nodes were categorized as regional, while those with cancer that traveled to distant organs were categorized as distant.
Statistical analyses
Baseline patient demographics and disease characteristics were compared using t-tests or chi-square tests as appropriate. The Kaplan-Meier method was used to assess survival functions. The log rank test was used to test differences between survival curves. Cox proportional hazards multivariable regression was used to assess the impact of marital status on cancer-specific mortality. The primary outcomes of interest in this study was 5-year CSS, which was calculated from the date of diagnosis to the date of cancer-specific death. Deaths attributed to BTC were treated as events, while deaths from other causes were treated as censored observations. All P values were 2-sided, and P values < 0.05 were considered statistically significant. All statistical analyses were performed using SPSS version 23 (Statistics Package for Social Science, Chicago, IL).
RESULTS

Patient characteristics
A total of 24035 qualified patients who were diagnosed during the 10-year study period (2004 to 2014) were identified. Of these patients, 10774 (44.8%) were male and 13261 (55.2%) were female. 13268 (55.2%) were married, 5062 (21.1%) were widowed, 3347 (13.9%) had never married, and 2358 (9.8%) were divorced or separated. Higher proportions of patients in the widowed group were women, elderly (> 60 years), had gallbladder cancer, and had more localized SEER Stage disease compared to all other patients (all p < 0.001). Patient demographics and pathological features are shown in Table 1 .
Effect of marital status on CSS
Married patients had higher 5-year CSS than unmarried patients (18.7% vs 15.2%) (P < 0.001) ( Figure  1 ). Five-year CSS was 18.7% in the married group, 13.9% in the widowed group, 17.9% in the never married group, and 14.4% in the divorced/separated group; a univariate log rank test revealed that CSS differed significantly among all groups (P < 0.001) (Figure 2A ). Additionally, elderly patients (P < 0.001), black patients (P < 0.001), patients with cholangiocarcinoma (P < 0.001), TNM stage III/IV (P < 0.001), poorly or undifferentiated tumors (P < 0.001), or advanced SEER stage (P < 0.001), and patients who did not undergo surgery (P < 0.001) were at higher risk of poor survival in a univariate analysis ( Table 2) .
The following eight variables were identified as independent prognostic factors in multivariate analysis with Cox regression: age (> 60 years, hazard ratio (HR) 1.388, 95% confidence interval (CI) 1.338-1.441), race (other, HR 0.896, 95% CI 0.856-0.938), tumor site (bile duct, HR www.impactjournals.com/oncotarget 
Subgroup analysis of associations between marital status and survival for different TNM stages
We then analyzed the relationship between marital status and survival at each TNM stage. Marital status was an independent prognostic factor in each tumor stage both in univariate and multivariate analyses (P < 0.05). In addition, widowed patients in the localized stage group had lower survival rates than all other patients. Five-year CSS was reduced by 7.9% in stage I (35.9% vs 43.8%, P < 0.001), 8.9% in stage II (14.6% vs 23.5%, P < 0.001), 5.5% in stage III (8.8% vs 14.3%, P < 0.001), and 1.2% in stage IV (1.2% vs 2.4%, P < 0.001) widowed patients compared to married patients with the same stages. Finally, 5-year CSS rates did not differ between never married and married patients with either regional or distant stage disease (Table 3 , Figure 2B-2D ).
Subgroup analysis of associations between marital status and survival for different tumor sites
We also analyzed the association between marital status and survival for each tumor site. Marital status was again predictive of CSS in univariate and multivariate analyses (p < 0.05). CSS rates were higher in Ampulla of Vater cancer patients than in gallbladder cancer and cholangiocarcinoma patients. Widowed individuals still had the lowest survival rate among all patients (Table 4) .
DISCUSSION
In this study, we investigated associations between marriage and CSS in a large BTC patient population. We found that married patients have better cause-specific survival outcomes than unmarried patients, which includes widowed and separated/divorced patients and those who never married. This association between being married and better survival persisted even after adjusting for age, race, tumor site, pathology grade, TNM stage, SEER stage, and therapy in multivariable analyses. Moreover, widowed patients had a higher risk of cause-specific death than all other patient groups. Further subgroup analyses based on TNM stage and tumor site confirmed the prognostic value of marital status in BTC patients.
Previous studies have suggested that poorer prognoses in unmarried individuals may be due to delayed diagnosis at more advanced tumor stages in these patients [13, 19, 20] . However, in our patient population, the percentages of patients at each tumor stage were comparable among the four marriage status subgroups. Moreover, a higher proportion of widowed group patients (27.5%) had localized stage disease compared to married (21.6%), never married (22.6%), and divorced/separated (21.6%) group patients. These results suggest that delayed diagnosis cannot explain the poorer survival outcomes observed in widowed patients.
The exact mechanisms underlying the prognostic impact of marital status in GBC are unclear. Several biological, psychological, and social theories have been postulated to explain this phenomenon. It is well known that a diagnosis of cancer is psychologically distressing for most patients [21] . Because they do not have spouses to share their emotional burdens and contribute to their social support networks, unmarried cancer patients may experience more distress, depression, and anxiety than married patients [22, 23] . Additionally, marital status may affect adherence to prescribed treatments. Compared to unmarried patients, married patients are more likely to comply with treatment, to seek treatment at more prestigious centers, and to accept more aggressive treatment, all of which may contribute to better cancer control [24, 25] .
Physiological changes accompanying stress and depression may worsen cancer outcomes through different mechanisms. For example, decreased psychosocial support and increased psychological stress result in immune dysfunction and contribute to tumor progression and mortality [26] [27] [28] . Furthermore, perceived lack of social support can reduce the activity of natural killer cells [29] , resulting in dysregulation of various endocrine hormones, such as cortisol and catecholamines [26, 28] . Several studies demonstrate that cortisol and catecholamines can accelerate cancer growth and metastasis via immunosuppressive actions [30] [31] [32] . Cortisol activity has been identified as a prognostic factor in breast and lung cancer [32, 33] . Depression and low quality of life are also associated with increased production of VEGF, which may stimulate endothelial cell migration, proliferation, and proteolytic activity [34] . DiMatteo et al. found a strong association between depression and medical noncompliance [35] , and women with depression who are diagnosed with breast cancer undergo definitive treatment less often and have worse survival outcomes [36] .
Some limitations of this study should be considered when interpreting the results. First, the SEER database only provides marital status at the time of diagnosis and does not account for changes in marital status during the follow-up period, which may also influence outcomes. Second, the SEER database lacks details about the quality of marriages (e.g., satisfaction with the relationship, sexual activity), which might be associated with survival in GBC patients. For example, marital distress has long-term immune consequences and enhances the risk of a variety of health problems [37] . Third, and perhaps most important, the SEER database does not provide detailed data regarding chemotherapy, other types of therapy, subsequent therapy, comorbidities, recurrence, or socioeconomic factors.
Despite these potential limitations, our findings demonstrate that marital status is an independent prognostic factor for survival in patients with BTC. Specifically, unmarried patients are at greater risk of cancer-specific mortality. Psychosocial factors may be the main contributors to poorer survival outcomes in unmarried patients; additional social support should therefore be provided for these patients.
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